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7KHGHYHORSPHQWRIDORZFDUERQHOHFWULFLW\QHWZRUNLVFRQVWUDLQHGE\WKHQHHGWREDODQFHLQWHUPLWWHQW
UHQHZDEOHVXSSO\ZLWKGHPDQGDQGWRPDLQWDLQQHWZRUNVWDELOLW\:KLOHDGGLWLRQDOHQHUJ\VWRUDJH
FDSDFLW\ZLOOEHUHTXLUHGODUJHVFDOHVWRUDJHV\VWHPVDUHH[SHQVLYH'LVWULEXWLQJVPDOOVFDOHVWRUDJHDW
WKHGRPHVWLFOHYHORIIHUVDFKHDSHURSWLRQGLVSODFLQJWKHQHHGIRUEDFNXSDQGLPSURYLQJWKHORDGIDFWRU
IRUUHQHZDEOHV6XFKGLVWULEXWHGFDSDFLW\H[LVWVWRGD\HOHFWULFVWRUDJHKHDWLQJLVXVHGLQDUHDVZLWKRXW
PDLQVJDVDQGLQFRQMXQFWLRQZLWKWHOHVZLWFKHGFKHDSRIISHDNWDULIIVWKDWDOORZWKHXWLOLW\WROHYHO
GHPDQGWKURXJKRXWWKHGD\$URXQG0KRXVHKROGVLQWKH8.KDYHHOHFWULFVWRUDJHKHDWLQJDQG0
KDYHHOHFWULFKRWZDWHUWDQNV7RJHWKHUWKHVHDFFRXQWIRURIGRPHVWLFHOHFWULFLW\FRQVXPSWLRQ
6SDFHKHDWHUVSURGXFHKHDWIURPHOHFWULFUHVLVWDQFHHOHPHQWVDQGVWRUHLWLQEULFNVRIKLJKKHDWFDSDFLW\
PDWHULDOFRYHUHGE\DOD\HURILQVXODWLRQ. ,QVRSKLVWLFDWHGDSSOLDQFHVKHDWWUDQVIHUWRWKHURRPLVYLDWZR
PRGHVRIRSHUDWLRQXQFRQWUROOHGQDWXUDOFRQYHFWLRQIURPWKHKHDWHUVXUIDFHDQGFRQWUROOHGIDQDVVLVWHG
DLUPRYHPHQWWKURXJKWKHFRUH7KH\DUHLQH[SHQVLYHWRLQVWDOOUHODWLYHWRRWKHURSWLRQVUHTXLUHQR
PDLQWHQDQFHDQGGHOLYHUKHDWZLWKRXWGLVWULEXWLRQORVVHV+RZHYHUWUDGLWLRQDOPRGHOVKDYHKLJK
XQFRQWUROOHGRXWSXWOHDGLQJWRRYHUKHDWLQJZKLOHERWKLQSXWDQGRXWSXWDUHGLIILFXOWWRFRQWURO+D\WRQ
PRQLWRUHGVSDFHKHDWLQJFRQVXPSWLRQLQKRXVHVZLWKVWRUDJHKHDWHUVDQGIRXQGWKDWWKHVHFRXOGSURYLGH
XSWRRIWKHWRWDOZLWKWKHUHVWFRPLQJIURPGLUHFWKHDWLQJ5RRPWHPSHUDWXUHVLQDKRXVHZLWK
VWRUDJHKHDWHUVZHUHKLJKHVWLQWKHPRUQLQJVUDWKHUWKDQWKHHYHQLQJPD[LPXPREVHUYHGLQKRXVHVZLWK
GLUHFWKHDWLQJ
5HFHQWUHVHDUFKRQORDGVKLIWLQJXVLQJGRPHVWLFKHDWVWRUDJHKDVIRFXVHGRQORZWHPSHUDWXUHPHGLD
8QGHUIORRUHOHFWULFKHDWLQJZLWKDZD[EXIIHUOD\HUZDVLQYHVWLJDWHGQXPHULFDOO\E\)DULG	&KHQDQG
H[SHULPHQWDOO\DQGQXPHULFDOO\E\)DULGDQG.RQJ/LQet alH[DPLQHGDPL[HGSDUDIILQ
SRO\HWK\OHQHEXIIHUZKLFKNHHSVLWVIRUPGXULQJWKHSKDVHFKDQJH4XUHVKLet alEXLOWSKDVHFKDQJH
PDWHULDOVLQWRDQRIILFHZDOO+RWZDWHUEXIIHUVZHUHLQYHVWLJDWHGE\+RQJet alDQG.HOO\et alWRVKLIW
KHDWSXPSRSHUDWLRQWREHIRUHWKHPRUQLQJSHDNORDGDQGE\$UWHFRQLet alZKRVZLWFKHGWKHKHDW
SXPSRIIGXULQJWKHHYHQLQJSHDN6WXGLHVRQWLPHVKLIWLQJWKHFKDUJLQJRIGRPHVWLFKRWZDWHUWDQNVKDYH
EHHQFDUULHGRXWLQ6RXWK$IULFDDQGLQ&DQDGD)LQQet alPRGHOOHGKRZDSULFHEDVHGFRQWURO
V\VWHPFRXOGDOORZH[FHVVZLQGWREHVWRUHGLQDGRPHVWLFKRWZDWHUWDQNDQGWKHLPSDFWRQWDQNORVVHV
$FRPPRQILQGLQJIURPVXFKVWXGLHVLVWKDWWKHOLPLWHGVWRUDJHYROXPHWKDWFDQEHDFFRPPRGDWHGLQD
QRUPDOKRPHUHVWULFWVORDGVKLIWLQJIOH[LELOLW\7KHKLJKHQHUJ\VWRUDJHGHQVLW\RIWUDGLWLRQDOFHUDPLF
EULFNVFRXSOHGZLWKLPSURYHPHQWVLQLQVXODWLRQDQGRXWSXWFRQWUROPHDQVWKDWHOHFWULFVWRUDJHKHDWHUV
FRXOGSURYLGHDQLPSURYHGVROXWLRQ
$ ODUJH VFDOH WULDO RI GHVSDWFKDEOH VSDFH DQG ZDWHU KHDWHUV ZLWKLQ D VPDUW JULG ZDV LPSOHPHQWHG LQ
6FRWODQG¶VPRVW1RUWKHUO\LVODQGV/RFDWHGPLOHVIURPWKHPDLQODQG6KHWODQGLVQRWFRQQHFWHGWRWKH
8. JULG VR WKH GLVWULEXWLRQ QHWZRUN RSHUDWRU 6+(3' KDV WR EDODQFH GHPDQG DQG VXSSO\ DFURVV D
SRSXODWLRQ RI MXVW   1HWZRUN VWDELOLW\ FRQVWUDLQWV PHDQ WKDW RQO\ RQH  0: ZLQG IDUP FDQ
FXUUHQWO\ EH DFFRPPRGDWHG :LWKLQ WKHLU SURJUDPPH RI ZRUN 6+(3' KDYH GHSOR\HG VHYHUDO QRYHO
WHFKQRORJLHV WKDW WRJHWKHUDUH LQWHQGHG WR UHGXFH IRVVLO IXHOXVH LQFUHDVH UHQHZDEOHHQHUJ\JHQHUDWLRQ
DQG LPSURYH WKH UHOLDELOLW\ DQG TXDOLW\ RI WKH HOHFWULFLW\ VXSSO\ $W WKH V\VWHP¶V FRUH LV DQ $FWLYH
1HWZRUN 0DQDJHU $10 ZKLFK GHVSDWFKHV ZLQG JHQHUDWRUV LQ UHVSRQVH WR GHPDQG IOXFWXDWLRQV DQG
FRQWUROVWKHFKDUJLQJRIWKHUPDOHQHUJ\VWRUDJH
'RPHVWLF VSDFH DQG ZDWHU KHDWHUV ZLWK DQ HOHFWULFDO FDSDFLW\ RI  0: DUH GLVWULEXWHG DFURVV 
GZHOOLQJV7KHKHDWHUVPDQXIDFWXUHGE\*OHQ'LPSOH[UHFHLYHDFHQWUDOO\JHQHUDWHGFKDUJHVFKHGXOH
IURPWKH$10DQGUHOD\EDFNGDWDRQWKHUPDOVWRUHVWDWXVZLWKXSGDWHVHYHU\PLQXWHLQERWKGLUHFWLRQV
7KHFKDUJHVFKHGXOHVSHFLILHVWKHGHVLUHGLQSXWSRZHUOHYHOIRUHDFKPLQXWHLQWHUYDOLQWKHXSFRPLQJ
 KRXU SHULRG EDVHG RQ DQWLFLSDWHG GHPDQG VXSSO\ DQG QHWZRUN VWDWXV 7KH FKDUJH FDQ EH YDULHG
EHWZHHQGLVFUHWHVHWWLQJV$QDGGLWLRQDOIHDWXUHLVWKDWWKHGHYLFHVFDQUHVSRQGDXWRPDWLFDOO\WRVKRUWWHUP
FKDQJHV LQ JULG IUHTXHQF\ VKXWWLQJ GRZQ ZKHQ WKH IUHTXHQF\ GURSV EHORZ DQ DFFHSWDEOH OHYHO DQG
LQFUHDVLQJ WKH FKDUJH OHYHO ZKHQ IUHTXHQF\ ULVHV ,Q WKLV ZD\ WKH GHYLFHV VXSSRUW GLUHFW ORDG VKLIWLQJ
UDWKHUWKDQUHO\LQJRQGLIIHUHQWLDOSULFLQJWRLQIOXHQFHWKHFXVWRPHU¶VDFWLRQVDVLQWUDGLWLRQDOGHPDQGVLGH
UHVSRQVH
7KLV SDSHU H[SORUHV KRZ VXFK D FRQWUROODEOH VWRUDJH V\VWHP SHUIRUPV XQGHU D UDQJH RI DSSURDFKHV WR
FKDUJLQJ EDVHG RQ ILHOG PRQLWRULQJ DQG VLPXODWLRQ VWXGLHV 3HUIRUPDQFH LV DVVHVVHG IURP WKH SRLQW RI
YLHZ RI ERWK WKH JULG RSHUDWRU ± FRQWUROODELOLW\ VWRUDJH XWLOLVDWLRQ DQG RYHUDOO GHPDQG  DQG RI WKH
RFFXSDQWV±FRPIRUWGHPDQGDQGFRVW

&ŝĞůĚƚƌŝĂůƐĂŶĚŵŽŶŝƚŽƌŝŶŐ
:LWKLQDQ LQLWLDO WULDO D ORFDOFRQWUROOHU LQHDFKRI VL[PRQLWRUHGKRXVHVFRPPXQLFDWLQJZLWKDFHQWUDO
FRQWUROOHUHVWDEOLVKHGWRHPXODWHWKH$10LQWUDQVPLWWLQJFKDUJLQJLQVWUXFWLRQVDQGFROOHFWLQJVWDWXVGDWD
7KHVL[GZHOOLQJVDUHDPRQJWKHORZHVWVSDFHKHDWLQJFRQVXPHUVLQWKHORFDOVRFLDOKRXVLQJVWRFN)LYH
ZHUHEXLOWLQWKHODWHVZLWKWKHVDPHLQVXODWHGWLPEHUFRQVWUXFWLRQZKLOHWKHVL[WKLVZLWKLQD
GHYHORSPHQWFRQYHUWLQJDQROGVWRQHZDOOHGSXEOLFEXLOGLQJ LQWRIODWV(DFKGZHOOLQJKDG WZRRU WKUHH
VWRUDJHKHDWHUVZLWKD WRWDOFDSDFLW\RIN: WKHVHZHUH LQ WKHKDOODQG OLYLQJDUHDVZLWKSDQHO
KHDWHUVLQRWKHUURRPV$OOGZHOOLQJVKDGSUHYLRXVO\KDGHOHFWULFVWRUDJHKHDWHUVVRRFFXSDQWVZHUHXVHG
WR WKH WHFKQRORJ\  2FFXSDQF\ UDQJHG IURP VLQJOH ZRUNLQJ SHUVRQV WR IDPLOLHV ZLWK WZR FKLOGUHQ DQG
VRPHRQHDWKRPHDOOGD\7DEOHVXPPDULVHVWKHKRXVHVDQGRFFXSDQF\UHJLPHV
7KHVSDFHKHDWHUVZHUHKLJKO\LQVXODWHGDQGRIIHUHGIOH[LEOHFRQWURORIRXWSXWWKURXJKDWLPHUDQGDURRP
WKHUPRVWDWZKLFKDFWLYDWHGIDQDVVLVWHGPRGH7KHGHYLFHVZHUHHTXLSSHGZLWKEXLOWLQFRQWUROOHUVZKLFK
DLPHGWRPDLQWDLQRFFXSDQWFRPIRUWE\SURYLGLQJDKHDWUHVHUYHDWDOOWLPHVDXWRPDWLFDOO\FKDUJLQJZKHQ
WKH VWRUH UHDFKHG WKDW UHVHUYH UHJDUGOHVV RI VFKHGXOH $OVR LQ RUGHU WR HQVXUH WKDW FXVWRPHUV GLG QRW
LQDGYHUWHQWO\ UXQ XS ODUJH ELOOV WKH KHDWHUV KDG DQ DGDSWLYH FRQWURO IXQFWLRQ WKDW WXUQHG RII FKDUJLQJ
EH\RQGDSRLQWHTXDOWRWKHUHVHUYHSOXVWKHKHDWHU¶VLQWHUQDOHVWLPDWHRIWKHHQHUJ\UHTXLUHGIRUWKHQH[W
GD\,QFDVHRIFRQIOLFWZLWKWKH$10LQVWUXFWLRQVWKHLQWHUQDOGHYLFHFRQWUROOHUKDGSULRULW\
7KH WULDO IROORZHG WKH WLPLQJ RI WKH VWDQGDUG 6KHWODQG WHOHVZLWFKLQJ VFKHGXOHV DOORZLQJ  KRXUV RI
VWRUDJHKHDWHUDQGKRXUVRIKRWZDWHUFKDUJLQJDWIL[HGRIISHDNWLPHVGXULQJWKHGD\DQGDWQLJKW
7KHSRZHULQSXWOHYHOZDVVHWDWPD[LPXPIRUWKHILUVWPRQWKDQGWKHQUHGXFHGWRIRUVSDFHKHDWHUV
DQGIRUZDWHUWDQNV
7KH PRQLWRULQJ VFKHPH DV GHSLFWHG LQ )LJXUH  ZDV GHVLJQHG WR DOORZ WKH FRQVWUXFWLRQ RI HQHUJ\
EDODQFHVLQRUGHU WRGHWHUPLQHWKHEHKDYLRXURI WKHGHYLFHVRYHU WLPH5RRPWHPSHUDWXUHVDQGZHDWKHU
SDUDPHWHUV ZHUH DOVR UHFRUGHG 3DQHO KHDWHU XVH DQG YHQWLODWLRQ ZHUH QRW PRQLWRUHG GXH WR SRWHQWLDO
RFFXSDQWLQFRQYHQLHQFH
'DWD ZDV FROOHFWHG IRU  GHYLFHV HDFK ZLWK  GDWD FKDQQHOV DW  PLQXWH LQWHUYDOV  7KH IXOO
PRQLWRULQJVFKHPHZDVLQRSHUDWLRQGXULQJ0DUFK2FWREHUWKLVSHULRGLQFOXGHGZHDWKHUWKDWZDV
W\SLFDO RI ZLQWHU FRQGLWLRQV LQ 6KHWODQG &RPPXQLFDWLRQ SUREOHPV EHWZHHQ WKH ORFDO DQG FHQWUDO
FRQWUROOHUVPHDQWWKDWWKHUHZDVQRVLQJOHZHHNRIFRQWLQXRXVGDWDFDSWXUHIRUDQ\RQHKHDWHU
dĂďůĞ ? PDŽŶŝƚŽƌĞĚŚŽƵƐĞƐŝŶƚŚĞŝŶŝƚŝĂůƚƌŝĂů ?

,ŽƵƐĞ

ƵŝůƚĨŽƌŵ

ŽŶƐƚƌƵĐƚŝŽŶ
KĐĐƵƉĂŶƚƐ &ůŽŽƌ
ĂƌĞĂ
ŵ ?
ŽŶƚƌŽůůĂďůĞ
ŝŶƉƵƚƉŽǁĞƌ
Ŭt
ĨĨĞĐƚŝǀĞ
ƐƚŽƌĂŐĞ
ŬtŚ
KƚŚĞƌ
ŚĞĂƚĞƌ
ƉŽǁĞƌŬt
 ? &ůĂƚ ƐƚŽŶĞ ?ƌĞƚƌŽĨŝƚ
ŝŶƐƵůĂƚŝŽŶ
 ?  ? ?  ? ? ? ?  ? ? ? ?  ? ? ? ?
 ? ^Ğŵŝ ?ĚĞƚĂĐŚĞĚ
ŚŽƵƐĞ
ƚŝŵďĞƌ ?ǁĞůů
ŝŶƐƵůĂƚĞĚ
 ?  ? ?  ? ? ? ?  ? ? ? ?  ? ? ? ?
 ? ^Ğŵŝ ?ĚĞƚĂĐŚĞĚ
ďƵŶŐĂůŽǁ
ƚŝŵďĞƌ ?ǁĞůů
ŝŶƐƵůĂƚĞĚ
 ?  ? ?  ? ? ? ?  ? ? ? ?  ? ? ? ?
 ? &ůĂƚ ƚŝŵďĞƌ ?ǁĞůů
ŝŶƐƵůĂƚĞĚ
 ?  ? ?  ? ? ? ?  ? ? ? ?  ? ? ? ?
 ? ^Ğŵŝ ?ĚĞƚĂĐŚĞĚ
ďƵŶŐĂůŽǁ
ƚŝŵďĞƌ ?ǁĞůů
ŝŶƐƵůĂƚĞĚ
 ?  ? ?  ? ? ? ?  ? ? ? ?  ? ? ? ?
 ? &ůĂƚ ƚŝŵďĞƌ ?ǁĞůů
ŝŶƐƵůĂƚĞĚ
 ?  ? ?  ? ? ? ?  ? ? ? ?  ? ? ? ?

&ŝŐƵƌĞ ? P^ƉĂĐĞĂŶĚǁĂƚĞƌŚĞĂƚĞƌŵŽŶŝƚŽƌŝŶŐƐĐŚĞŵĞ ?

DŽŶŝƚŽƌŝŶŐŽƵƚĐŽŵĞƐ
$KLJKSURSRUWLRQRIKHDWHUFKDUJLQJWRRNSODFHRXWVLGHVFKHGXOHGSHULRGVIRUDOOGHYLFHV)LJXUHVKRZV
D W\SLFDO SDWWHUQ IRU WKH ZHHNO\ SRZHU LQSXW DQG HQHUJ\ GHOLYHU\ WR RQH KHDWHU 'DWD RXWDJHV PDNH
TXDQWLWDWLYHFRPSDULVRQVGLIILFXOWEXWIRUWKLVKHDWHUWKHHQHUJ\GHOLYHUHGRXWVLGHVFKHGXOHGSHULRGVZDV
RIVLPLODUPDJQLWXGHWRWKHVFKHGXOHGHQHUJ\QRWGHOLYHUHG
7KLVVLWXDWLRQFRXOGDULVHIRUDQXPEHURIUHDVRQV:KHQDFWXDOGHPDQGZDVGLIIHUHQWWRWKDWHVWLPDWHGE\
WKH KHDWHU FRQWUROOHU ZKHWKHU EHFDXVH RI FROGHU WHPSHUDWXUHV FKDQJHV LQ RFFXSDQW EHKDYLRXU RU
HVWLPDWLRQ DOJRULWKP LQDFFXUDF\ WKH KHDWHUV ZRXOG VZLWFK RII ZKHQ LQVWUXFWHG WR FKDUJH DQG DW RWKHU
WLPHVFKDUJHDWIXOOFDSDFLW\ZKHQQRWVFKHGXOHG ,QDGGLWLRQZKHQRFFXSDQWVWULHGWRFRQWUROWKHIDQ
DVVLVWHG KHDW RXWSXW E\ WXUQLQJ WKH URRP WKHUPRVWDW VHWWLQJV XS DQG GRZQ UHJXODUO\ UDWKHU WKDQ DV
LQWHQGHG VHWWLQJ D SUHIHUUHG WHPSHUDWXUH VHWSRLQW YLD D WLPHU WKH GHYLFH FRQWUROOHUV ZRXOG XVH DQ
DUWLILFLDOO\ ORZ WKHUPRVWDW VHWWLQJ WR FDOFXODWH WKHQH[WGD\¶VGHPDQG)LQDOO\ D FRQVWDQW VFKHGXOHZDV
DSSOLHGWKURXJKRXWLUUHVSHFWLYHRIRXWVLGHWHPSHUDWXUHRUGLIIHUHQFHVEHWZHHQWKHLQGLYLGXDOKRXVHV
7KHVWRQHIODW+RXVHPDGHWKHKLJKHVWXVHRIIDQDVVLVWHGKHDWRXWSXWHYHQWKRXJKLWKDGWKHVPDOOHVW
IORRUDUHDDQGZDVQRWJHQHUDOO\RFFXSLHGGXULQJ WKHGD\+RZHYHUHYHQKHUHIDQDVVLVWHGRXWSXWZDV
QHYHUJUHDWHUWKDQWZRWKLUGVRIGHPDQG$OWKRXJKWKHVSDFHKHDWHUVZHUHZHOOLQVXODWHGDQGRSHUDWLQJDW
ORZ WHPSHUDWXUHV WKH\ VWLOO HPLWWHG VLJQLILFDQW XQFRQWUROOHG RXWSXW DYHUDJLQJ  : RU 
N:KGD\,QWKHVHGZHOOLQJVWKLVZDVHQRXJKWRPHHWPRVWRIWKHGHPDQGH[FHSWRQWKHFROGHVWZLQWHU
GD\V8QFRQWUROOHGVSDFHKHDWHURXWSXWZDVQRWQHFHVVDULO\ZDVWHGKHDWEHFDXVHLWGLGSURYLGHDOHYHORI
WHPSHUDWXUHHOHYDWLRQWKDWUHSODFHGWKHQHHGIRUIDQRSHUDWLRQ

Ă ? ď ?
&ŝŐƵƌĞ ? PŚĂƌŐŝŶŐĐŽŶƚƌŽůůĂďŝůŝƚǇĨŽƌƚǇƉŝĐĂůŚĞĂƚĞƌ ?ďǇǁĞĞŬ PĂ ?ĐŚĂƌŐŝŶŐǁŝƚŚŝŶĂŶĚŽƵƚƐŝĚĞƐĐŚĞĚƵůĞĚƉĞƌŝŽĚƐ ?
ď ?ƵŶƐĐŚĞĚƵůĞĚĞŶĞƌŐǇĂŶĚƐĐŚĞĚƵůĞĚŶŽƚĚĞůŝǀĞƌĞĚ ?

,QGLYLGXDOKHDWHUVZHUHUDUHO\PRUHWKDQIXOODIWHUWKHFKDUJLQJUDWHZDVUHGXFHG(VWLPDWHGGHPDQG
IRUVSDFHKHDWLQJZDVOHVVWKDQWKHVWRUDJHFDSDFLW\H[FHSWIRUWKHKLJKHVWGHPDQGGZHOOLQJRQDVHYHUH
ZLQWHUGD\7LPLQJGLIIHUHQFHVPHDQW WKDWRQDJJUHJDWH WKHKHDWHUVZHUH UDUHO\PRUH WKDQIXOO
)LJXUHLPSO\LQJWKDWWKHUHLVH[FHVVFDSDFLW\WRVWRUHZLQGJHQHUDWLRQRYHUPRUHWKDQRQHGD\7KH
VSLNH DW WKH HQG RI 0DUFK UHSUHVHQWV DQ XSGDWH WR WKH FRQWUROOHU ILUPZDUH 7KH ]HUR UHDGLQJV SHULRGV
ZKHQQRGDWDZDVUHFHLYHGIURPDQ\KHDWHULOOXVWUDWHWKHH[WHQWRIWKHRXWDJHV

&ŝŐƵƌĞ ? P^ƚŽƌĂŐĞĐĂƉĂĐŝƚǇƵƐĞĚĨŽƌĂůůƐƉĂĐĞŚĞĂƚĞƌƐ ?
)URPWKHRFFXSDQWV¶SRLQWRIYLHZWKHQHZKHDWHUVZHUHPRUHFRQWUROODEOHWKDQWKRVHWKH\UHSODFHG7KLV
FDQEHVHHQIURPWKHFRQYHUJHQFHRIWKHDYHUDJHZLQWHUOLYLQJURRPWHPSHUDWXUHVDIWHUWKHXSJUDGHWKH
GLIIHUHQFHEHWZHHQWKHFRROHVWDQGWKHZDUPHVWKRXVHZDV ?&UDWKHUWKDQWKH ?&ZLWKWKHSUHYLRXV
HTXLSPHQW DQG FKDUJH FRQWURO 7KH DYHUDJH GD\WLPH OLYLQJ URRP WHPSHUDWXUH DFURVV DOO KRXVHV ZDV
 ?&DQGWKHUHZDVOLWWOHYDULDWLRQEHWZHHQGD\WLPHDQGRYHUQLJKW7DEOH
7KHDYHUDJHGD\WLPHOLYLQJURRPWHPSHUDWXUHLQWKHWULDOGZHOOLQJVZDV ?&OHVVWKDQWKHPHDQ
UHFRUGHGLQFHQWUDOO\KHDWHGKRXVHVLQ(QJODQGDQG:DOHV7KHUHZDVDOVROHVVYDULDWLRQEHWZHHQ
KRXVHVLQWKHODUJHUVXUYH\RIGZHOOLQJVZHUHEHORZ ?&FRROEHWZHHQ ?&DYHUDJH
DQGDERYH ?&ZDUPGXULQJKHDWHGSHULRGV+HUHRQO\RQHKRXVHIHOOLQWRWKHµFRRO¶FDWHJRU\
ZLWKWKHUHVWDYHUDJHDODUJHUVDPSOHZRXOGEHUHTXLUHGWRHVWDEOLVKZKHWKHUWKLVLVDVVRFLDWHGZLWK
VWRUDJHKHDWHUXVH6LJQLILFDQWO\WKHKRXVHZLWKWKHORZHVWWHPSHUDWXUHKDGWKHKLJKHVWKHDWFRQVXPSWLRQ
ZKLFKPLJKWLQGLFDWHWKDWZLQGRZVDUHUHJXODUO\RSHQZKHQWKHKHDWLQJLVRQWRDOOHYLDWHRYHUKHDWLQJ,Q
FRQWUDVWWRH[SHULHQFHHOVHZKHUHWKHKLJKHVWWHPSHUDWXUHVZHUHLQWKHHYHQLQJWKH6KHWODQGRIISHDN
WDULIILQFOXGHVKRXUVLQWKHDIWHUQRRQVRWKHKHDWHUVZHUHQRWGHSOHWHGE\WKHHYHQLQJ

dĂďůĞ ? P>ŝǀŝŶŐƌŽŽŵƚĞŵƉĞƌĂƚƵƌĞƐ ?
>ŝǀŝŶŐƌŽŽŵƚĞŵƉĞƌĂƚƵƌĞƐ C ,ŽƵƐĞ ? ,ŽƵƐĞ ? ,ŽƵƐĞ ? ,ŽƵƐĞ ? ,ŽƵƐĞ ? ,ŽƵƐĞ ?
ĂǇƚŝŵĞ ? ? P ? ? ? ? ? P ? ?  ? ? ? ?  ? ? ? ?  ? ? ? ?  ? ? ? ?  ? ? ? ?  ? ? ? ?
ǀĞŶŝŶŐ ? ? P ? ? ? ? ? P ? ?  ? ? ? ?  ? ? ? ?  ? ? ? ?  ? ? ? ?  ? ? ? ?  ? ? ? ?
KǀĞƌŶŝŐŚƚ ? ? P ? ? ? ? ? P ? ?  ? ? ? ?  ? ? ? ?  ? ? ? ?  ? ? ? ?  ? ? ? ?  ? ? ? ?

,ŽƵƐĞĂŶĚŚĞĂƚĞƌŵŽĚĞůůŝŶŐ
DŽĚĞůƐ
(DFKWULDOKRXVHZDVPRGHOOHGZLWKLQWKH(63USURJUDP[%DVHGRQFRQVWUXFWLRQGUDZLQJVWKHPRGHOV
LQFOXGHGGHWDLOHGLQWHUQDOOD\RXWVWRDOORZ4XDQWXPDQGSDQHOKHDWHURXWSXWVWREHFRQWUROOHGVHSDUDWHO\
)LJXUHLOOXVWUDWHVWKH(63UPRGHORIWKHSURWRW\SH4XDQWXPVSDFHKHDWHUVDQGWKHLUGHSOR\PHQWLQRQH
GZHOOLQJ7KHKHDWHUPRGHOFRPSULVHGWKHUPDO]RQHVWRUHSUHVHQWWKHIROORZLQJSURFHVVHV
x YDULDEOHHQHUJ\LQSXWWRHDFKRIWKHWKUHHVHFWLRQVRIWKHFRUHGXULQJFKDUJLQJ
x KHDWWUDQVIHUIURPWKHFRUHWRWKHLQWUDKHDWHUDLUVWUHDP
x KHDWWUDQVIHUWKURXJKWKHLQVXODWLRQWRWKHURRPDLUXQFRQWUROOHGRXWSXWDQG
x KHDWWUDQVIHUIURPWKHLQWUDKHDWHUDLUVWUHDPWRWKHURRPDLUIDQDVVLVWHGRXWSXW

&ŝŐƵƌĞ ? P^ŝŵƵůĂƚŝŽŶŵŽĚĞůƐĨŽƌĂĚǁĞůůŝŶŐǁŝƚŚƚǁŽYƵĂŶƚƵŵƐƉĂĐĞŚĞĂƚĞƌƐ ?
7KHKHDWHUPRGHOVZHUHEDVHGRQGDWDSURYLGHGE\WKHPDQXIDFWXUHU7KHODUJHKHDWHUKDGVWDFNVRI
EULFNV VDQGZLFKLQJ  [  : KHDWLQJ HOHPHQWV ZKLOH WKH VPDOOHU KHDWHU KDG  VWDFNV DQG  :
HOHPHQWV7KUHHVHWVRISDUDPHWHUVZHUHHVWLPDWHGIURPKHDWHUSHUIRUPDQFHWHVWVRUIURPSXEOLVKHGGDWD
x VSHFLILFKHDWFDSDFLW\ZDVGHULYHGIURPWKH WHPSHUDWXUH ULVH UHFRUGHGZKLOHFKDUJLQJ LQ ODERUDWRU\
SHUIRUPDQFHWHVWV
x DLUIORZUDWHVDURXQGWKHEULFNFRUHZHUHHVWLPDWHGIURPKHDWRXWSXWVLQODERUDWRU\SHUIRUPDQFHWHVWV
XQGHUXQFRQWUROOHGGLVFKDUJHDQGIDQDVVLVWHGRSHUDWLRQ
x G\QDPLF FRQYHFWLYH FRHIILFLHQWV ZHUH GHWHUPLQHG IURP HPSLULFDO FRUUHODWLRQV FRUUHVSRQGLQJ WR
QDWXUDOFRQYHFWLRQLQWKHXQFRQWUROOHGGLVFKDUJHFDVHDQGIRUFHGFRQYHFWLRQZKHQWKHKHDWHUVZKHUH
RSHUDWLQJLQIDQDVVLVWHGPRGH
([SORGHGYHUWLFDOVHFWLRQRIKHDWHUPRGHO
 $LUOD\HUVKRZLQJDLUIORZQHWZRUNDQGQRGHV
,QV
XOD
WLR
QOD
\HU

7K
HUP
DOP
DVV


ĂůŝďƌĂƚŝŽŶƐ
)LJXUHFRPSDUHVVLPXODWHGDQGPHDVXUHGUHVXOWVIRUERWKODERUDWRU\DQGILHOGWHVWV,QWKHODERUDWRU\
WHVWIXOOFKDUJHZDVDSSOLHGIRUKRXUVDQGWKHQWXUQHGRII7HPSHUDWXUHDQGSRZHURXWSXWURVHUDSLGO\
DQGIHOOVORZO\DIWHUKRXUV WKHVWRUHZDVVWLOO WZRWKLUGVIXOO2XWSXWSHDNHGDURXQGWZRKRXUVDIWHU
SRZHU LQSXWVWRSSHGDV WKHEULFN WHPSHUDWXUHHTXDOLVHG7KHVLPXODWLRQ LVFORVH WR WKH ODERUDWRU\GDWD
ERWKLQVKDSH±6SHDUPDQ¶VUDQNFRUUHODWLRQFRHIILFLHQWRIDQGPDJQLWXGHLQHTXDOLW\FRHIILFLHQWRI
7KHFRUUHVSRQGLQJDJUHHPHQWIRUSRZHURXWSXWZDVVOLJKWO\ORZHUEXWVWLOODFFHSWDEOHDWDQG
 7KH PRVW VLJQLILFDQW DGMXVWPHQW PDGH GXULQJ FDOLEUDWLRQ ZDV LQ WKH FRQYHFWLYH KHDW WUDQVIHU
FRHIILFLHQWEHWZHHQWKHKHDWHUDQGURRPDLU
9DOLGDWLRQRI WKHKHDWHULQKRXVHPRGHODJDLQVW ILHOGGDWDFDQEHVHHQ LQ)LJXUHEZKLFKVKRZV WKH
OLYLQJURRPWHPSHUDWXUHRYHUGD\V7KHLQSXWWRWKHPRGHOZDVWKHPHDVXUHGFKDUJLQJSURILOHDQGWKH
PHDVXUHGRXWVLGHDLUWHPSHUDWXUHRYHUODLGRQDSRUWLRQRIWKHW\SLFDO\HDUFOLPDWHILOHZLWKVLPLODUZLQG
DQGGD\OLJKWFRQGLWLRQV7KHVLPXODWHGKHDWRXWSXWRYHUWKHWKUHHGD\VZDVZLWKLQRIPHDVXUHGDQ
DFFHSWDEOHOHYHORIDJUHHPHQWJLYHQWKDWWKHPHDVXUHGYDOXHZDVGHULYHGIURPDVLQJOHWHPSHUDWXUHVHQVRU
RQWKHRXWVLGHRIWKHEULFNV0HDQURRPWHPSHUDWXUHVDJUHHGWRZLWKLQ ?&7KHIOXFWXDWLRQUDQJHZDV
 ?& UDWKHU WKDQ WKH  ?& PHDVXUHG LQGLFDWLQJ WKDW FDVXDO JDLQ RU YHQWLODWLRQ EHKDYLRXU ZDV PRUH
FRPSOH[ WKDQ PRGHOOHG 7KH UDQN FRUUHODWLRQ FRHIILFLHQW ZDV  DQG LQHTXDOLW\ FRHIILFLHQW  D
PRGHUDWHDJUHHPHQWEHWZHHQSURILOHVKDSHVDQGJRRGDJUHHPHQWLQPDJQLWXGH
Ă ? ď ?
&ŝŐƵƌĞ ? ?,ĞĂƚĞƌŵŽĚĞůƐĐŽŵƉĂƌĞĚƚŽŵĞĂƐƵƌĞŵĞŶƚƐ PĂ ?ůĂďŽƌĂƚŽƌǇƚĞƐƚĚĂƚĨŽƌƵŶĐŽŶƚƌŽůůĞĚŽƵƚƉƵƚ ?ď ?ĨŝĞůĚĚĂƚĂ
ŽƚƚĞĚůŝŶĞƐƌĞƉƌĞƐĞŶƚŵĞĂƐƵƌĞŵĞŶƚƐ ?ƐŽůŝĚůŝŶĞƐƐŝŵƵůĂƚŝŽŶƐ
7KUHHVLJQLILFDQWOHVVRQVHPHUJHGIURPWKHFDOLEUDWLRQH[HUFLVHDVIROORZV
x 6LQFHWKHVWRUDJHKHDWHUVZHUHLQHIIHFWKHDWLQJWKHZKROHKRXVHLWZDVLPSRUWDQWWRHQVXUHWKDWWKHDLU
ZLWKLQWKHVSDFHZDVZHOOPL[HGDQDLUIORZQHWZRUNZDVLQFOXGHGLQWKH(63UPRGHOLQFRUSRUDWLQJ
DNLWFKHQH[WUDFWRUIDQ)LJXUH
x ,WZDVQHFHVVDU\WRUXQDSUHVLPXODWLRQSHULRGRIGD\VVRWKDWWKHFRUUHFWVWDUWLQJFRQGLWLRQZDV
UHDFKHGIRUWKHKHDWHU
x ,QUHDOOLIHWKHIDQFDQVZLWFKRQDQGRIIDWPLQXWHLQWHUYDOVDQGWKHVLPXODWLRQVKRXOGLGHDOO\EHUXQ
DWWKDWIUHTXHQF\RWKHUZLVHWKHKHDWLQSXWWRWKHURRPLVRYHUHVWLPDWHG+RZHYHUWKHUXQVKDGDOVR
WR FRYHU DQ H[WHQGHG SHULRG $ WLPH VWHS RI  PLQXWHV JDYH UHVXOWV ZLWKLQ  RI WKRVH XVLQJ 
PLQXWHVRWKLVZDVVHOHFWHGIRUWKHVFKHGXOLQJVWXG\LQWKHLQWHUHVWVRIVSHHG
)URP WKH UHVXOWV LWZDV FRQFOXGHG WKDW WKHPRGHORIIHUHGDFFHSWDEOHSHUIRUPDQFH IRU WKH WDVN LQKDQG
ZKLFKZDVWKHLQYHVWLJDWLRQRIDOWHUQDWLYHDSSURDFKHVWRFKDUJHFRQWURO

ŚĂƌŐĞĐŽŶƚƌŽůƐĐŚĞĚƵůĞƐ
,QWKHILHOGWULDOVFKDUJLQJVFKHGXOHVZHUHNHSWZLWKLQWKHH[LVWLQJWDULIIZLQGRZVDQGLQSXWSRZHUDWWKH
PLQLPXP 'XULQJ FROG VSHOOV WKH KHDWHU FRUH ZDV QRW KRW HQRXJK WR GHOLYHU WKH UHTXLUHG RXWSXW DQG
IUHTXHQWO\KLW LWVSURJUDPPHGPLQLPXPUHVHUYH OHYHO DWZKLFKSRLQW LW VWDUWHG WRFKDUJHDW IXOOSRZHU
LUUHVSHFWLYHRI LQVWUXFWLRQV:KHQ LWZDVZDUP WKHDXWRPDWLFHQHUJ\FDSSUHYHQWHG IXOOGHOLYHU\RI WKH
VFKHGXOHGFKDUJH7KLVDSSURDFKWKHUHIRUHZRUNHGEDGO\IRUERWKWKHRFFXSDQWVDQGWKHXWLOLW\
6LPXODWLRQV RI DOWHUQDWLYH FKDUJLQJ VFKHGXOHV ZHUH UXQ WR VHDUFK IRU EHWWHU VROXWLRQV 7ZR RI WKH WULDO
KRXVHVZHUHPRGHOOHGIRU-DQXDU\-XQHRIDW\SLFDO/HUZLFNZHDWKHU\HDU+RXVHZLWKORZDQG+RXVH
 ZLWK KLJK WKHUPDO PDVV  $ VLPSOH RFFXSDQF\ PRGHO ZDV DSSOLHG WR HDFK  RXW DW ZRUN RU DW KRPH
EHWZHHQ  DQG  RQ ZHHNGD\V ± WKDW EHVW FRUUHVSRQGHG WR WKH REVHUYHG RFFXSDQF\ SDWWHUQ
&DVXDOJDLQVDQGYHQWLODWLRQZHUHHVWLPDWHGEDVHGRQREVHUYDWLRQVGXULQJDQHQHUJ\DXGLWDQGDGMXVWHGWR
EULQJWKHWHPSHUDWXUHUDQJHURXJKO\LQOLQHZLWKPHDVXUHPHQWV$ILUVWHVWLPDWHRIGDLO\HQHUJ\GHPDQG
ZDVPDGHZLWKDVLPSOLILHGKHDWHUPRGHOFRPSULVLQJDFRQVWDQWORZSRZHUIL[HGRXWSXWSOXVDWKHUPRVWDW
FRQWUROOHGKLJKSRZHURQHUHVSHFWLYHO\HTXDOWRWKHXQFRQWUROOHGDQGIDQDVVLVWHGRXWSXWZLWKWKHKHDWHUV
RQHWKLUGIXOO:KHUHDFWXDOGDLO\VSDFHKHDWLQJFRQVXPSWLRQFRXOGEHHVWLPDWHGJLYHQWKHLQWHUPLWWHQW
QDWXUHRIWKHGDWDPHDVXUHGFRQVXPSWLRQDJUHHGZLWKPRGHOOHGWRZLWKLQ
7KHHVWLPDWHGGHPDQGZDV WKHQXVHG WRJHQHUDWHGDLO\VFKHGXOHV )RXUGLIIHUHQWDSSURDFKHV WRHQHUJ\
GHOLYHU\ZHUHH[DPLQHG
x 7HOHVZLWFKLQJ  VWDQGDUG FRQGLWLRQ ZKHUH KHDWHUV FKDUJH DW PD[LPXP GXULQJ WDULII KRXUV LI WKH\
SK\VLFDOO\FDQ
x ([DFWVFKHGXOLQJGHOLYHULQJWKHHQHUJ\UHTXLUHGHDFKGD\
x $SSUR[LPDWH VFKHGXOLQJGHOLYHULQJ WKHDYHUDJHPRQWKO\GHPDQGHDFKGD\RIDPRQWK±PLPLFNLQJ
LQDFFXUDWHIRUHFDVWLQJRUGHOLEHUDWHVWRUDJHRIVPDOODPRXQWVRIZLQGRQVRPHGD\V
x )OH[LQJZLWKZLQGVSHHGGHOLYHULQJXSWRWZLFHWKHGD\¶VGHPDQGZKHQWKHZLQGVSHHGLVKLJK]HUR
RUPLQLPXPQHHGHGWRWRSXSLIWKHZLQGLVORZWDNLQJLQWRDFFRXQWWKHIRUHFDVWILOOOHYHO7KLVLVQRW
WKH VDPHDV WKHDFWXDORSWLPLVHG VFKHGXOHSURGXFHGE\ WKH$10V\VWHPEXW LW JHQHUDWHV D VLPLODU
FKDUJLQJSDWWHUQ
(DFK DSSURDFK ZDV DSSOLHG DW GLIIHUHQW WLPHV RI GD\ DQG DW YDU\LQJ SRZHU OHYHOV JLYLQJ  GLIIHUHQW
VFKHGXOHV7DEOH

dĂďůĞ ? ?ŚĂƌŐŝŶŐƌĞŐŝŵĞƐŝŶǀĞƐƚŝŐĂƚĞĚ
^ĐŚĞĚƵůĞ ŶĞƌŐǇĚĞůŝǀĞƌĞĚ WŽǁĞƌƐĞƚƚŝŶŐ dŝŵĞŽĨĚĂǇ
dĞ dĞůĞƐǁŝƚĐŚ ?ĂƐĚĞŵĂŶĚĞĚďǇŚĞĂƚĞƌ DĂǆŝŵƵŵ dĂƌŝĨĨŚŽƵƌƐ
Ğ ǀĞƌĂŐĞŚĞĂƚĞƌĚĞŵĂŶĚĨŽƌŵŽŶƚŚ DŝŶŝŵƵŵ dĂƌŝĨĨŚŽƵƌƐ
,Ɛ ǆĂĐƚŚĞĂƚĞƌĚĞŵĂŶĚĞĂĐŚĚĂǇ DĂǆŝŵƵŵ ĂƌůǇ ?ƐƚĂƌƚƐ ? ? P ? ?
Ŷ ? ǆĂĐƚŚŽƵƐĞĚĞŵĂŶĚĞĂĐŚĚĂǇ DŝŶŝŵƵŵ ĂƌůǇ ?ƐƚĂƌƚƐ ? ? ? ? ?
ǆ ? ǆĂĐƚŚŽƵƐĞĚĞŵĂŶĚĞĂĐŚĚĂǇ DĂǆŝŵƵŵ ĂƌůǇ ?ƐƚĂƌƚƐ ? ? ? ? ?
ǆ ? ǆĂĐƚŚŽƵƐĞĚĞŵĂŶĚĞĂĐŚĚĂǇ DĂǆŝŵƵŵ >ĂƚĞ ?ƐƚĂƌƚƐ ? ? ? ? ?
Ŷ ? ǀĞƌĂŐĞŚĞĂƚĞƌĚĞŵĂŶĚĨŽƌŵŽŶƚŚ DŝŶŝŵƵŵ ĂƌůǇ ?ĨŝŶŝƐŚĞƐ ? ? P ? ?
Ŷ ? ǀĞƌĂŐĞŚĞĂƚĞƌĚĞŵĂŶĚĨŽƌŵŽŶƚŚ DŝŶŝŵƵŵ >ĂƚĞ ?ĨŝŶŝƐŚĞƐ ? ? P ? ?
ǆ ? ǀĞƌĂŐĞŚĞĂƚĞƌĚĞŵĂŶĚĨŽƌŵŽŶƚŚ DĂǆŝŵƵŵ ĂƌůǇ ?ĨŝŶŝƐŚĞƐ ? ? P ? ?
ǆ ? ǀĞƌĂŐĞŚĞĂƚĞƌĚĞŵĂŶĚĨŽƌŵŽŶƚŚ DĂǆŝŵƵŵ EŝŐŚƚ ?ƐƚĂƌƚƐ ? ? ? ? ?
ǆ ? ǀĞƌĂŐĞŚĞĂƚĞƌĚĞŵĂŶĚĨŽƌŵŽŶƚŚ DĂǆŝŵƵŵ ĂǇƚŝŵĞ ?ƐƚĂƌƚƐ ? ? ? ? ?
ǆ ? ǀĞƌĂŐĞŚĞĂƚĞƌĚĞŵĂŶĚĨŽƌŵŽŶƚŚ DĂǆŝŵƵŵ >ĂƚĞ ?ƐƚĂƌƚƐ ? ? ? ? ?
^Ŷ ? ĞŵĂŶĚĨůĞǆĞĚǁŝƚŚǁŝŶĚƐƉĞĞĚ DŝŶŝŵƵŵ ĂƌůǇ ?ƐƚĂƌƚƐ ? ? ? ? ?
^ǆ ? ĞŵĂŶĚĨůĞǆĞĚǁŝƚŚǁŝŶĚƐƉĞĞĚ DĂǆŝŵƵŵ ĂƌůǇ ?ƐƚĂƌƚƐ ? ? ? ? ?
^ǆ ? ĞŵĂŶĚĨůĞǆĞĚǁŝƚŚǁŝŶĚƐƉĞĞĚ DĂǆŝŵƵŵ >ĂƚĞ ?ƐƚĂƌƚƐ ? ? ? ? ?

7KHKHDWHU¶VLQWHUQDOFRQWUROOHUFRXOGQRWEHPRGHOOHGIXOO\DVWKHDOJRULWKPIRUFDOFXODWLQJWKHDGDSWLYH
FRQWUROFDSZDVPDQXIDFWXUHU¶V LQWHOOHFWXDOSURSHUW\ 7KHFDSZDV WKHUHIRUHHPXODWHGE\UXQQLQJHDFK
VFKHGXOHZLWKGLIIHUHQWPD[LPXPILOOVHWWLQJVXQFRQVWUDLQHGDQGUHSUHVHQWLQJW\SLFDO
FDSVREVHUYHGLQWKHWULDO

ZĞƐƵůƚƐ
)LJXUHVKRZVW\SLFDOGDLO\WHPSHUDWXUHSURILOHVRYHUPRQWKVLQ+RXVH7KHKDOOLVFRROHUWKDQWKH
OLYLQJDUHDQRWRQO\EHFDXVHWKHVHWSRLQWLVORZHUEXWDOVREHFDXVHWKHKHDWHULVKHDWLQJWKHILUVWIORRUYLD
WKHVWDLUZHOO7KHKLJKHVWWHPSHUDWXUHVLQWKHHYHQLQJZLWKJDLQVIURPFRRNLQJFDQH[FHHG ?&7KH
DYHUDJHOLYLQJURRPWHPSHUDWXUHZKHQRFFXSLHGLVDERYHWKHVHWSRLQW$VLPLODUSDWWHUQFDQEHVHHQLQ
WKHKLJKWKHUPDOPDVVIODWDOWKRXJKEHLQJOHVVLQVXODWHGWKLVGRHVQRWRYHUKHDWWRWKHVDPHH[WHQW7KLV
SURILOH UHPDLQHGDOPRVWFRQVWDQW IRUDOO WKHXQFRQVWUDLQHGDFWLYHVFKHGXOLQJ UHJLPHV LQERWKGZHOOLQJV
+RZHYHUZLWKXQFRQVWUDLQHGWHOHVZLWFKLQJWHPSHUDWXUHVZHUHVLJQLILFDQWO\KLJKHULQERWK

&ŝŐƵƌĞ ? ?ZŽŽŵƚĞŵƉĞƌĂƚƵƌĞǀĂƌŝĂƚŝŽŶŝŶůŽǁƚŚĞƌŵĂůŵĂƐƐŚŽƵƐĞ ?^ĐĂůĞĚĞŶŽƚĞƐƚĞŵƉĞƌĂƚƵƌĞŝŶ ? ?
7KHVLPXODWLRQPRGHOOHGDUHJXODUGDLO\URXWLQHZLWKIL[HGWKHUPRVWDWVHWWLQJVDQGYHQWLODWLRQUDWKHUWKDQ
WKHUHDOYDJDULHVRIRFFXSDQWEHKDYLRXU(YHQVRWKHVLPXODWHGWHPSHUDWXUHYDULDWLRQWKURXJKWKHGD\
ZDVVLPLODUWRWKDWREVHUYHGDOWKRXJKSHDNWHPSHUDWXUHVLQWKHHYHQLQJVZHUHKLJKHUWKDQVLPXODWHG
,Q 0D\ DQG -XQH URRP WHPSHUDWXUHV H[FHHGHG  ?& LQ WKH HYHQLQJV HYHQ ZLWK WKH OLYLQJ URRP DQG
NLWFKHQKHDWHUVVZLWFKHGRII,QGLYLGXDORFFXSDQWVPLJKWUHDFWWRWKLVLQDYDULHW\RIXQSUHGLFWDEOHZD\V±
DFFHSWLQJKLJKHU WHPSHUDWXUHVRSHQLQJZLQGRZVRU VZLWFKLQJKHDWHUVRII7KH UHPDLQLQJFRPSDULVRQV
WKHUHIRUHFRYHU-DQXDU\WR$SULORQO\
)LJXUHVKRZVKRZPXFKHQHUJ\LVFRQVXPHGDQGKRZZHOOWKHYDULRXVVFKHGXOHVDUHIROORZHGLQWKH
WZRKRXVHVLIWKHILOOOHYHOLVXQFRQVWUDLQHG1HLWKHUFDVHVKRZVDVLJQLILFDQWGLIIHUHQFHEHWZHHQDQ\RI
WKHDFWLYHVFKHGXOHVHYHQWKRXJK+RXVH¶VVSHFLILFKHDWGHPDQGRIN:KP\HDULVWLPHVWKDWRI
+RXVH7KHKLJKHVWFRQVXPSWLRQLQ+RXVHLVPRUHWKDQWKHORZHVWLQ+RXVHZKRVHWKLFNZDOOV
SURYLGH DGGLWLRQDO VWRUDJH WKH GLIIHUHQFH LV RQO\   +RZHYHU ZLWK WHOHVZLWFKLQJ ERWK GZHOOLQJV
FRQVXPHFRQVLGHUDEO\PRUHHQHUJ\DQGUHVSHFWLYHO\
)RUWKH8WLOLW\WKHGHJUHHWRZKLFKWKHVFKHGXOHLQVWUXFWLRQVDUHIROORZHGLVRINH\LPSRUWDQFH6FKHGXOH
IROORZLQJLVGHILQHGDV݄ܵܿ݁݀ݑ݈݁݂݋݈݈݋ݓ݅݊݃݅݊݀݁ݔ ൌ 	? െݑ݊ݏ݄ܿ݁݀ݑ݈݁݀݄ܿܽݎ݃݁ ൅ ݏ݄ܿ݁݀ݑ݈݁݀݄ܿܽݎ݃݁݊݋ݐ݀ݎܽݓ݊ሺݐ݋ݐ݈ܽݏ݄ܿ݁݀ݑ݈݁݀݄ܿܽݎ݃݁ሻ 
:LWK DFWLYH VFKHGXOLQJ WKH LQGH[ UDQJHV IURP  IRU WKH VWRQH IODW DQG  IRU WKH WLPEHU
KRXVH+HUHDJDLQWHOHVZLWFKLQJJLYHVGUDPDWLFDOO\ZRUVHSHUIRUPDQFH
7LPLQJ DQG SRZHU LQSXW OHYHO KDYH D VPDOO VHFRQGDU\ HIIHFW 'HOLYHULQJ HQHUJ\ DW KLJK SRZHU RYHU D
VKRUWHU WLPH UHVXOWV LQ  KLJKHU XQVFKHGXOHG FRQVXPSWLRQ WKDQ WKH VDPH DPRXQW VFKHGXOHG DW ORZ
SRZHURYHUDQH[WHQGHGSHULRG6FKHGXOLQJODWHLQWKHGD\±DIWHUQRRQRUHDUO\RYHUQLJKW±FRQVLVWHQWO\
JLYHVULVHWRXQVFKHGXOHGGHPDQGLQWKHPRUQLQJV
Ă ?

ď ?
&ŝŐƵƌĞ ? ?,ĞĂƚĐŽŶƐƵŵƉƚŝŽŶĂŶĚƐĐŚĞĚƵůĞĨŽůůŽǁŝŶŐǁŝƚŚĚŝĨĨĞƌĞŶƚĐŚĂƌŐŝŶŐƌĞŐŝŵĞƐ PĂ ?ƚŝŵďĞƌŚŽƵƐĞ ?,ŽƵƐĞ ? ? ?
ď ?ƐƚŽŶĞĨůĂƚ ?,ŽƵƐĞ ? ? ?

7KHHIIHFWRIFDSSLQJWKHKHDWHUILOO OHYHOFDQEHVHHQLQ)LJXUH1RWHWKHVFDOHRIWKHD[HVWKHVPDOO
GRWWHG ER[HV UHSUHVHQW WKH WRWDO UDQJH FRYHUHG LQ )LJXUH   ,Q DOO FDVHV WRWDO FRQVXPSWLRQ UHGXFHV DV
PD[LPXP ILOO OHYHO LV GHFUHDVHGKRZHYHU WKHSURSRUWLRQ WKDW LV XQFRQWUROODEOHJURZV GUDPDWLFDOO\ VR
ZKHQWKHFDSLVORZ7KLVUHSOLFDWHVWKHREVHUYHGVLWXDWLRQZLWKKLJKXQVFKHGXOHGFKDUJLQJLIWKHFDSLV
DSSOLHG5RRPWHPSHUDWXUHVDUHRQDYHUDJH ?&ORZHUZKHQILOOOHYHOLVFRQVWUDLQHGWRRUORZHU

Ă ? ď ?
&ŝŐƵƌĞ ? ?hŶĐŽŶƚƌŽůůĂďůĞĂŶĚƚŽƚĂůŚĞĂƚĐŽŶƐƵŵƉƚŝŽŶǁŝƚŚĚŝĨĨĞƌĞŶƚůĞǀĞůƐŽĨƐƚŽƌĂŐĞĐĂƉ PĂ ?ƚŝŵďĞƌŚŽƵƐĞ ?,ŽƵƐĞ ? ? ?
ď ?ƐƚŽŶĞĨůĂƚ ?,ŽƵƐĞ ? ?
:LWKXQFRQVWUDLQHGRUILOOWKHVWRQHIODWUHTXLUHGDOPRVWQRGLUHFWKHDWLQJGXHWRLWVFRPSDFWOD\RXW
DQGWKHHIIHFWLYHVWRUDJHFDSDFLW\LQFUHDVHIURPWKHZDOOV7KHEHWWHULQVXODWHGKRXVHXVHGPRUHGLUHFW
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